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PRSDICI’IONSOF FISSION CROSS SEC!FIONSIN TH’S3 TO 5 NeV NEUTRON ENERGY RANGS*

J. W. ~S and R. J. Hcwartcn

Iawrence Livemw~ Laboratory, University of California
Livennore, California 94550

neutron-induced fission cross sections avemged over the energy range 2 to

5.5 MeV (on the firat fission plateau) varied linearly with the ~irical

3/21n ~h- n ~~d V- fm ‘2 to ‘f-unction [Z2/(A + 1) This functicm

fit the data available at that time within the e~tal uncefifities.

The paramete~ Z
4131A ~a cmsistmt ~~ this SCIHX; hc%?ever,Z2/A WES not.

H..~rton5 observed that fission cross sections for the isotopes of each

cl-t follw a definite, but nonlinear, relaticnsbip as a function of

24/3
1A. Similar studies and discuesims of fission syetennticswxe pre-

sented in Refs. 6-9.

AssrRAcr
METHolMLmY

Predicted fission cross section values, based cm systematic trends

observed recently by Eehrens, arw presented in the neutmm energy internal

fran 3 to 5 MeV for forty-three isotcpee, ranging fran thoritrntlmxgh

califomium. Canparisonswith measured fissicn crces secticm values are

included for thirty-three isotopes.

INTROIXJCFION

The use of fissicm systematic to predict cress sections can be

traced to Huizengal (1953) end Batze12 (1954) who correlated uf/oT and

m/r f ratios with the fissionabilityparamster 22/A. In 1955, : n=scha113

slxx.?edan apparent c-laticm between m?asured fission cross sectkns

at an incident-neutrm energy of 3 MeV a..1 the paramter Z4/3/A; hrxw ,er,

no significanceto this pmamter was clatid. Smith et al.4 later

+hcx.?sdthat for twelve isotopes, ranging frrxnradium through plutcmium, ‘rhe

‘:k?rk performed unuer Lhe LU &ice. -l”th~ O.S. Energy Research &
Development Administration,.ont.ractNo. W-7405-Eng-b8.

Recently, sehrens10 observed that nvms~d fissicm -s section

ratiosll-14 on the first fission plateau over the atanic mass range &230

to 252 and cl-t range Z = 90 to 98 exhibit straightfort.ad systematic

ixhavior as a functicm of koth ccnstant protcm nunker and ccnstant neutrcm

nwnber. For ccrstant neutmm nunter, fissicm cress secticne in the

neutron energy interval 3 to 5 MeV tend to increase linearly with Z.

Figure 1 shows this trend for isotopes with N = 140 through 149. For

the lines labeled N = 142, 144, 146, 148, the recent rneaeurenxmtsof

References 11, 13, 14 were used to determine the equations of the lines

even though there were cmly two measurem nts for each value of N. This was

for two reasons: the experimental uncertaintiesat-agenerally nuch less

for these nk?asurements than for those done earlier and, secondly, the

maeure ents reported in References 11, 13, 14 were all dcne with the

sam te nnique and at the same instituticm. For the line labeled 140, a

least squzms fit of the data of Refs. 17, 18, snd 20, was dcne to obtain

the equaticm af the line.
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Each of the five lines can be expressed as:

A = m(N) x OR(Z@ + B(N) (1)

A mre usual representation with CR being the dependent variable and

A being the inde~dent variable results in physically unmeaningful values

for the int~pts of the lines cm the ordinate. It also results in nuch

lsrger residuals when values of the sloped and intercepts ere fit as poly-

nanials in N because of the relatively small range in the independent

veriable for tich data points are available. We have, therefore, chosa

to find representations for m(N) and B(N) for equaticm (1) by least squa??ss

fitting of the five values of these quantities obtained frcm the solid lines

shcsm in Figure 1. Equaticm (1)

aR(Z@ . &&#!-

where

and

3

B(N) = ~ BiNi ,

i.o

3

m(N) = ~ aiNi .

i=o

can be rewritten as:

9 (2)

(3)

(4)

Fits to obtain first and secmd cn%er representaticm were discaded @er

testing against experimental values. The values obt=Einedfor the ccef.-icients

J+-

ai >@i a #VSn h Table 1. Fran F@aticm (2) values for the ratio of the

fissicn cross sectim of an isotope with mass A and ch~e Z to the fissicm

23% ~ tie s to 5 wv range can h Cal-ted. W
cress eectim of

obtained cress sectims fran Equaticm (2) by multiplying the calculated

ratios by 1.16 barns, the value for the average of the 23’U fissicn cxmss

..:ctionfrcm 3 to 5 NeV.15’” In Table II, the p~dicted and measumd

fissicm auss secticns am ccmpamd for the thirty-three isotopes that

have masured cress secticms reported in or near the 3 to 5 &V energy

range. Because o~ the paucity of data, we have included many single

pint ma-eumntmts with energies as lW as 1.5 WV. For the convenience

of the reader w have included k Table II the predicted fissicm cress

sections for 10 isotopes that have not been measured, but are of interest

for cme or nmre reactor programs.

DISCUSSION

With the exception of 233Th. the agreement be-en predicted and

measured fission CNSS sections is apparently acceptable. Quite

clearly, the negative cross section obtained for 233Th using Eq. (2)

is ridiculous, but 233Th has * smallest fissicm cress secticm of all the

isotopes for which nEasurem=nts are reported. In the z&en= of m?asured

fission cross secticms (and cdy then) the predicted values fmm Eq.(2)

are useful for applications such as the trans-plutcmium isotope prcducticm

problem for plutcmium-based breeder reactors or the trans-thoriun isotope

prcdum km problem for thorium-based breeder reactars.



-5- -6-

REFER3JCES

1. J. R. Huizenga, ~~A@=latiQn of Fast Neutron Fission bmss %Ction, ”

kgonne National Lakz_atory, Rept. ANL-5150 (1953).

2. R. E. Batzel, ‘T&h Energy Fission end Sp!allationof Uranium,”

Lawrence Livemmre Idxratory, Rept. UCRL-4303 (1954).

3. H. H. %rschall private cmwnunication, 1955, as reported in: R. L. Henkel,

11Fast Neu~n ~SS sections - Corrections to IA-1714 ad a Corrdation

of 3 NkV Values,” Los Alanms Scientific JAoratmy, Rept. IA-2122 (1957).

4, H. L. %ith, R. K. Smith, and R. L. Henkel, F9ys. Rev. 125, 1329 (1962).—

5. R. J. Hcwerton, D. E. Cul.len,R. C. Ha&ht, M. H, Mx&egor, S. T. Perkins

& E. F. Plechaty, l!~ Integat~ sy~tm fOF ~UdiOII of Neutinics

ad Photonics Calculational Constan~s; the LLL Evaluated Nuclear Lhta

Library (ENDL): Evaluation Techniques, Reaction Ifiex, d Descriptions

of Individual Evaluations” Lawrence Livernwre Lahn-story Report

UC.RL-50400VO1: 15A (1975).

6. J. R. Huizenga, Phys. Rev. U&, 484 (1958).

7. P. H. White and G. P. Warner, J. Nucl. Energy ~, 671 (1967).

8. T. Sikkelan3, A. Ghiorso, an5 M. J. Nunnia, Phys. Rev. ~, 1232 (1968).

9. R. Vardenbcscn & J. R. Huizenga, Nuclear Fission (Academic Press,

N- York, 1973), p. 227.

10. J. W. Ek3hrens,phyS. kV. ktterS ~, 68 (1977).

●
11. J. W. &?hrens d G. W. Carlson, Nucl. Sci. Eng. &&, 250 (1977).

12. J. W. Eehrens, G. W. Carlson, and R. W. Bauer, “Neutmn-Irduced

233U 234U 236U ~
Fission C?mSs Sections of , , , 23% with respect to

23% ,1~ ~. titi. Mcla rhSS Section Ted-m., Washingt
9 on, D.C.,

March 3-7, 1975 (Special Publication 425, Natioml Bureau of Stamlards,

Washington, D.C.) Vol. II, p. 591.

1. J. W. Behrens and G. W. CarlSon, ‘%s umements of Neutmn-Imluccd Fission

Cross-Section Fatios Involving Isotopes of Urenium and Plutonium,” in

h. NEANCC/NEYV2RPspecialists Mtg. on Fast Neutron Fission Cross

Sections of U-233, U-235, U-238, d Pu-239, Argonne National Laboratory,——

June 28-30, 1976 (Rept. ANL76-90, Argonne National Laboratory, 1976) p. 47.

14.

15.

16.

17.

18.

19.

20.

21.

J.w. khrensand J. C. B~ , unpublished results.

J. B. Czi.r??and G. S. Sidhu, Nucl. Sci. Eng. ~, ~ (1975); see also,

J. B. Czirr and G. S. Sidhu, Nucl. Sci. Eng. 58_,371 (1975).

D. M. &mton ~., Nucl. Sci. Eng. 60, 369 (1976).—

M. 1. Kazarhova, Yu. S. i%yati.n, ard V. M. Gorbachev, Atcmnnya

Energiya ~, 139 (1960); English translation: Soviet Atcm. Energy ~,

125 (1960).

J. D. Cramer and H. C. Britt, Nucl. Sci. Eng. Q, 177 (1970).

D. W. i%ti & L. R. Veeser, in Prcc. Conf. Neutron Cross Section Techn.,

Kmoxville, Term., M 15-17, 1971 (Conf. No. 710301, U.S. AEC Div. of

Tech. Inf. Ext., Oak Ridge, Term., 1971) Vol. I, p. 292.

P. E. Voxmlnikov et al., Yad. Fiz. Q, 474 (1970); English translation:

Soviet J. Nucl. Phys. ~, 259 (1971).

D. M. Eaton and P. G. Kcontz, Phys. Rev. ~, 1070 (1967).



-7-

22. C. 3. Ekxnan, G. F. Au_u@, S. C. Fultz, and R. W. Hoff,

phy~. R$3V.~, 1219 (1968). Corrected for 241Am impurity using

data of Ref. 14.

23. M. 2. Si3.kert,ll~i~~i~ &YXS section ‘f 243Cm fzwn the Undsrgmund

Nucksr Explosion, Fhysics-8,” Los Alamos Scientific Labor&my,

Rept. LA-6239-MS (1976).

24. M. S. Moore and G. A. KeyWorth, ~yS. WV. C ~, 1656 (1971).

25. M. 2. SilEert, Nucl. Sci. Eng. ~, 198 (1977).

26. M. 2. $.ilbert, Nucl. Sci. E.g. ~, 376 (1973).

27. M. S. Mmn?e, J. H. IkMally, and R. D. by-, F’Eys. Rev. CL, 273 (1971).

“Reference to a company or prcduct
name does not imply approval of
recommendation of the product by
the University of California or the U.S.
Energy Research & Development
Administration to the excbion of
others that 1M%be suitable.”

NOTIC?

WTM ,.p.fi w., ~,ep., I m an . . . ...1 of work
,Pmaar,d by the U.,! t S[.,,, Gov,,nrm”,.
N.lth.r the United S[. !, mm the U.itd st.t.~
E.,rgY R.W.CC+I& Dm.1.p,.,nt Admini%tr.ti.n,
.0! ..7 .f itmir ,mpbyee$ . . . any of their
Contractor. mbc. mr.c(m, or their m@.wts,
n-km any warranty, ,XO,.S ., ,rnplmd, m
,$a”m.s .“Y 1.s,1Ii, bd,ty m r,,~ms,b,h, y f., th,
,Cc.,,cy , Cmnpkten.s, s, .Sfui.e,s of any
i“form,tio., appa,a,”,, ~r.due, ., p,..,.,
di$clmed, O, rqm,se”,, that i,. “w w.uld “.,
infri.g~ privatdy..wnad ri$h[$,,

-8-

TA8LE CAPTIONS

T-ble I

(lxfficients for F@. (3) and (4 ) obtained by least-squares

fitting of the slopes snd intercepts of tie five lines of constant

neutron number (N) shown in Fig. 1 as solid lines.

Table II

Comparison of reasured fission cross sections with peclicted

values obtained frun ratios calculated using Eq. (2) multiplied

by 1.16 barons(the average fission cross secticm of 235U in tie

3t05PkYJ energy range).
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FIWTE c.4F’TION

b
Figure 1

Experimental ntios of fissicm awss secticns to the 23%

fission cmes section in the 3 to 5 MeV energy range plotted

against the atanic mass of the target nucleus (A). The open circles

(Refs. 11, 13, and 14) and closed circles (Refs. 17, 18, and 20)

were used for obtaining slopes and intercepts of the lines of

ccnetant neutmm nunber (N ❑ 140, 142, 144, 146, 148). The tri-

angles aR masummnts ~t were nut used for deriving - cfmstants

of Tsble 1. Error bars axe shcmn where the error is larger than

the symbol.
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